Acoustic overstimulation activates 5'-AMP-activated protein kinase through a temporary decrease in ATP level in the cochlear spiral ligament prior to permanent hearing loss in mice.
Inner ear disorders are known to be elicited by mitochondrial dysfunction, which decreases the ATP level in the inner ear. 5'-AMP-activated protein kinase (AMPK) is a serine/threonine kinase activated by metabolic stress and by an increase in the AMP/ATP ratio. To elucidate the involvement of AMPK-derived signals in noise-induced hearing loss, we investigated whether in vivo acoustic overstimulation would activate AMPK in the cochlea of mice. Std-ddY mice were exposed to 8kHz octave band noise at a 90-, 110- or 120-dB sound pressure level (SPL) for 2h. Exposure to the noise at 110 or 120dB SPL produced outer hair cell death in the organ of Corti and permanent hearing loss. Exposure to the noise at 120-dB SPL elevated the level of the phospho-AMPK α-subunit (p-AMPKα), without affecting the protein level of this subunit, immediately and at 12-h post-exposure in the lateral wall structures including the spiral ligament and stria vascularis. In the hair cells and spiral ganglion cells, no marked change in the level of p-AMPKα was observed at any time post-exposure. The level of phospho-c-Jun N-terminal kinase (p-JNK) was increased in the lateral wall structures at 2- to 4-h post-exposure at 120dB SPL. Noise exposure significantly, but temporarily, decreased the ATP level in the spiral ligament, in an SPL-dependent manner at 110dB and above. Likewise, elevation of p-AMPKα and p-JNK levels was also observed in the lateral wall structures post-exposure to noise at an SPL of 110dB and above. Taken together, our data suggest that AMPK and JNK were activated by ATP depletion in the cochlear spiral ligament prior to permanent hearing loss induced by in vivo acoustic overstimulation.